The objective of this study is to evaluate the performance of turbidity removal in water by using Okra (Abelmoschus esculentus) as natural coagulant. The coagulation active agent in various Okra sections was extracted with distilled water and NaCl 1.0 M solutions. Synthetic water containing kaolin with turbidity of 55 NTU was used as water source in this study. The result shows that Okra seed that extracted both with distilled water and NaCl 1.0 N solution has the potential advantage as natural coagulant for turbidity removal in comparison with other sections of the plant. However, the seed is not economically feasible to be used as coagulant. The dried Okra's leaf that commonly considered as waste material could be proposed as an alternative coagulant in water treatment process, due to its similarity in coagulation behaviour with Okra's seed. FTIR analysis on leaf shows that chemical functional groups in protein were significantly removed after extraction with distilled water and NaCl 1.0 N solution. The result indicated a strong correlation between the protein content and turbidity removal efficiency, which eventually suggest that the protein in Okra could potentially be an active agent in coagulation process.
Introduction
Coagulation process has always been carried out in the conventional water treatment plant to remove the turbidity of raw water [1, 2] . In this process, aluminum sulphate (alum) and poly aluminum chloride (PAC) are the most commonly coagulants used for drinking water treatment purpose [3] . However, the used of alum and PAC in this process has induced human health concern such as Alzheimer's disease, high operation cost and production of non-biodegradable sludge [4, 5, 6] . The recent research works to unravel the use of alum based coagulant has been directed towards the development of natural coagulants in water treatment process. Natural coagulant developed from plants material such as Moringa oleifera seed, Prosopis juliflora and Cactus latifaria, have been studied intensively in recent years [7, 8, 9, 10] . Among these plants, seed of Moringa oleifera has received the greatest attention as a natural coagulant that favourably comparable with aluminum salt for turbidity removal [11, 12] . The dimeric cationic protein that has molecular weight between 6-16 kDa in Moringa oleifera seed has been identified as an active agent for coagulation process [13] . On the other hand, Okra plant that grows in the tropics, sub-tropics and warmer areas can be potentially used as a natural coagulant for water treatment due to its cationic protein content in various sections of the plant [14, 15, 16] . However, minimal studies have been carried out to investigate the coagulation behaviour of Okra. Referring to current situation, the objective of this study is to evaluate the potential of using various sections of Okra plant as a coagulant active agent for turbidity removal in raw water for drinking purpose.
Materials and Method
Preparation of Synthetic Turbid Water. The stock solution of synthetic turbid water was prepared following the procedure derived by Fahmi et al. [17] . The solution was diluted with distilled water to the required level of turbidity (55 NTU), before the jar test experiments. The pH value for the synthetic turbid water was adjusted to 7±0.5.
Preparation of Coagulant Active Agent. The Okra plant used in this study was obtained from Kangar, Perlis (Malaysia). Four sections of Okra plant were used to prepare coagulation active agent namely stems, leaves, pods and seeds. These parts of plant were separated and air-dried. The materials were cut into small pieces and dried in the oven at 40 o C for 24 hours to remove the remaining moisture. All the materials were grind to fine powder form by using grinder and kept in shelled container under ambient temperature.
The extraction of coagulation active agent was carried out by mixing 1g of Okra's leaf, stem, pod or seed fine powder with 100 mL of extraction solution and blend for 2 minutes. Two different types of extract solution consisting of NaCl 1.0 M and distilled water were used to extract the coagulation active agent. The slurry from extraction process was filtered through filter paper (pore size ca. 7 µm) and the filtered solution was used as a 10,000 mg/L Okra stock solution. The stock solution of the coagulant was used within three days after the extraction to prevent aging phenomenon.
Experimental Run. The jar test was performed to evaluate the effect of coagulant dosage on turbidity removal efficiency in synthetic water. The experiments were carried out using different types of coagulation active agent that extracted with NaCl 1.0 M and distilled water at pH 7.0. All five 1000 mL beakers were initially filled with water samples and were placed in the slots of jar tester and were subsequently agitated at 150 rpm. Different amount of coagulant ranging between 5-100 mg/L were added into each of the beaker during agitation and the process was left for 2 minutes. The mixing speed was reduced to 30 rpm and continues to agitate for 30 minutes. After agitation process all samples were place in ambient room temperature approximately one hour. A 30 mL of the water samples were collected from the middle of the beaker to evaluate the turbidity value.
Analytical method. The turbidity of samples were measured in Nephelometric Turbidity Units (NTU) by using turbidimeter model HACH 2100N series with USEPA Method 180.1. The pH was measured using Hanna H98150 pH meter. Chemical functional group was analyzed by using RES-10 PERKIN ELMER Spectrum 400 FT-IR FT-NIR Spectrophotometer. The functional group analysis was performed on residual solid samples before and after extraction with distilled water and NaCl 1.0 N solution.
Result and Discussion
Turbidity Removal Efficiency. Figure 1 shows the turbidity removal in synthetic water by coagulation active agent in various sections of Okra's plant that extracted with distilled water. The initial turbidity of synthetic water was set at 55 NTU. For Okra's seed, the turbidity was significantly decreased down to ca. 20 NTU at dosage of 25 mg/L, whereas further addition of coagulant lead to an increase in residual turbidity. Therefore, the optimum removal efficiency for turbidity with Okra's seed was 64.5 %, which was attained at dosage of 25 mg/L. In addition, Okra's leaf and pod shows similar trend of turbidity removal with Okra's seed. However, the optimum dosage for turbidity removal was achieved at dosage of 75 mg/L, with removal efficiencies of 54.5 and 49.0 %, respectively. On the other hand, the turbidity of synthetic water was slightly decreased with Okra's stem even though at higher dosage of 100 mg/L.
In previous study, Camciuc et al. [14] identifies that the protein content in seed, leaf, and stem of Okra ranged between 23.8-25.5 %, 22.0-23.7 % and 6.3-6.4 %, respectively. The result of turbidity removal in synthetic water by various sections of the plant indicated a strong correlation between the protein content and removal efficiency, which suggest that protein in Okra could potentially play a role as an active agent in coagulation process [13] . Moreover, the result shows that Okra's seed has the potential advantage as natural coagulant for turbidity removal in comparison to other sections of the plant. However, the seed is conventionally consumed by human being as protein riches vegetable Key Engineering Materials Vols. 594-595 227
and may not economically feasible to be used as coagulant. The dried Okra leaf that commonly considered as wastes material could be proposed as an alternative coagulant in water treatment process, due to its similarity in coagulation behaviour. It is reported that distilled water cannot extract the coagulation active agent in natural coagulant efficiently [11] . A salt solution such as sodium chloride is able to improve the extraction capacity of protein in natural coagulant due to the salting mechanism in proteins that increased protein-protein dissociation [11, 17] . Figure 2 shows the turbidity removal in synthetic water by coagulation active agent in Okra that extracted with NaCl 1.0 N. As expected, the removal efficiency of turbidity in synthetic water was increased signicantly by using coagulation active agent that had been extracted with NaCl 1.0 N solution. The optimum removal efficiency for Okra's seed, leaf, pod and stem were 92%, 92%, 63% and 15 %, respectively. However, it was observed that the optimum removal efficiency for turbidity may achieve at different dosages. Previous studies conducted by Okuda et al. [11] using Moringa oleifera seed extracted with NaCl 1.0 N showed better turbidity removal efficiency than Okra seed. The differences in turbidity removal might be due to the variation of protein content in Okra and Moringa oleifera. Characterization of coagulation active agent in Okra leaf. Characterization of chemical functional groups by FTIR spectroscopy aims to determine the role of protein in Okra leaf as coagulation active agent for turbidity removal in coagulation process. Hence, the focus was on the 
228
Advanced Materials Engineering and Technology II functional group that forms the protein, such as NH, CO, CN, and CH. Figure 3 shows the presence of functional groups in residual solid of Okra's leaf before and after extraction with distilled water and NaCl 1.0 N. According to Reddy et al. [18] , strong band at 3418 cm -1 indicated the presence of OH stretch in the solid samples. Peaks at 1615 and 3400 indicated N-H bend and strech, respectively. A peak at 2922.43 cm -1 was due to the C-H stretching frequency in Okra solid and the peak at 1652.51 cm -1 was due to C=O functional group. The medium band of CN could be appeared at 1098.36 cm -1 .
In raw Okra leaf fine powder, the peaks for NH, CO, CN, and CH were clearly observed. After extraction with distilled water, the depths of peak were significantly decreased, indicating that extracted coagulation active agent could be containing protein. The chemical functional group analysis for residual solid after extraction with NaCl 1.0 N shows further decrease of these peaks. The FTIR analysis result shows that the extraction capacity of coagulation active agent by NaCl 1.0 N solution is higher than distilled water. 
Summary
The objective of this study is to evaluate the potential of using coagulation active agent in various part of Okra for turbidity removal in raw water for drinking water. The specific conclusions derived from this study are as follows:
• Okra's seed that extracted both with distilled water and NaCl 1.0 N solution has the potential advantage as natural coagulant for turbidity removal in comparison with other sections of plant. However, the dried Okra's leaf that commonly considered as waste material can be potentially applied as an alternative coagulant in water treatment process. The optimum removal efficiency for turbidity with Okra's leaf that extracted with distilled water and NaCl 1.0 N solution were 54.5 % and 92 % respectively. • FTIR analysis of Okra's leaf indicated that the chemical functional groups in protein were significantly removed after extraction with distilled water and NaCl 1.0 N solution. The result suggest a strong correlation between the protein content and turbidity removal efficiency, which eventually suggests that protein in Okra could act as an active agent in coagulation process.
